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ABSTRACT 

T . . - L - - l -  
~ ~ ~ ~ ~ L L L ~ u ~ s  ius iiie s i rnuia t ion  of  t h e  Mart ian Thermal 
Environment a r e  V e r i f i e d  by F u l l  S c a l e  Tes t  Data 

INTRODUCTION 

The presence  of a dynamic atmosphere on Mars intreduces a 
p r o b a b i l i s t i c  element i n t o  t h e  d e f i n i t i o n  of  t h e  mission e n v i r -  
onment o f  a Mart ian l a n d e r .  This  prec ludes  the  p o s s i b i l i t y  of 
"mission thermal  s imula t ion"  i n  a t e s t  f a c i l i t y ,  i n  the usual  
s e n s e  a p p l i c a b l e  t o  s p a c e c r a f t  t e s t i n g .  The a v a i l a b l e  a l t e r n a -  
t ive  i s  t o  b r a c k e t  t h e  m u l t i t u d e  of p o s s i b l e  thermal  condi t ions  
a t  t h e  landing  s i t e  w i t h  s imula ted  "hot" and "cold" extremes 
which guarantee  t h e  s u r v i v a l  of t h e  lander  under a l l  a n t i c i p a t e d  
c o n d i t i o n s  on Mars. This paper reviews the  d e f i n i t i o n s  o f  t h e r -  
m a l  t e s t  extremes a p p l i c a b l e  t o  t h e  Viking Lander ,  and d i s c u s s e s  
t h e  c r i t e r i a ,  techniques and f a c i l i t i e s  r e q u i r e d  f o r  t h e i r  simu- 
l a t i o n  i n  l i g h t  of  r e c e n t  d a t a  o b t a i n e d  from Mars Simulat ion 
t e s t s  conducted w i t h  t h e  Viking Thermal E f f e c t s  T e s t  Model (TETM). 

The TETM i s  a f u l l  s c a l e  model of  t h e  Vik ing  Lander ,  i n c o r -  
p o r a t i n g  t h e  developmental  thermal  c o n t r o l  subsystem, f l i g h t  
type s t r u c t u r e s ,  and thermal  s i m u l a t o r s  of s c i e n c e  and e lec-  
t r o n i c  equipment. The pr imary o b j e c t i v e  of  the  Mars s imula t ion  
t e s t s  was t o  v e r i f y  t h e  l a n d e r  thermal  d e s i g n  and suppor t ing  
a n a l y t i c a l  models, and t o  demonstrate  t h e  adequacy o f  the t e s t  
t echniques .  The d i s c u s s i o n  i n  t h i s  paper  is  l i m i t e d  t o  the  
l a t t e r  a s p e c t s  o f  t h e  t e s t  r e s u l t s ;  t h e  thermal  response of t h e  
v e h i c l e  be ing  only  cons idered  t o  t h e  e x t e n t  necessary  t o  demon- 
s t r a t e  t h e  t e s t  approach.  The r e l a t i o n  of t h e  TETM Mars s imula-  
t i o n  t e s t  program t o  t h e  o t h e r  Viking thermal  t e s t s  is  i l l u s t r a -  
t ed  on F i g u r e  1. 

I n  t h e  above c o n t e x t ,  t h e  TETM t e s t s  r e p r e s e n t  t h e  f i n a l  l i n k  
i n  a c h a i n  of  developmental  e f f o r t s  i n i t i a t e d  e a r l y  during the  
Vik ing  program and aimed a t  t h e  d e f i n i t i o n  o f  a s u i t a b l e  Mars 
Sirnil1ation t e s t  apprsach.  
d e f i n i t i o n  of t h e  t e s t  environments and f a c i l i t y  requirements  
( 1 , 2 > l ,  implementat ion of the  n e c e s s a r y  f a c i l i t y  modi f ica t ions ,  

?The numbers i n  p a r e n t h e s i s  r e f e r  t o  t h e  l i s t  of  re ferences  appen- 

3 , ~ s ~ :  dcvelopmsnts incliided the 

ded t o  t h i s  paper .  
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and i n v e s t i g a t i o n s  r e l a t e d  t o  unique t e s t - o p e r a t i o n a l  f e a t u r e s  
of  Mars environmental  s i m u l a t i o n  ( 3 , 4 ) .  The f i n a l  proof  of t h e  
proposed technique ,  however, was dependent on the  a v a i l a b i l i t y  
of  a f u l l  s c a l e  thermal  model of  t h e  Lander ,  s i n c e  t h e  s imula-  
t i o n  techniques  a r e  r e l a t e d  t o  convec t ive  processes  which depend 
i n  d e t a i l  on v e h i c l e - p e c u l i a r  f o r c i n g  geometr ies  and h e a t  d i s s i -  
p a t i o n  p r o f i l e s .  These vehic le - induced  convec t ive  e f f e c t s  i n  
t h e  t es t  environment impose l i m i t a t i o n s  on both t h e  c o n t r o l l -  
a b i l i t y  of t h e  t e s t  environment, and t h e  a b i l i t y  t o  s e p a r a t e  
t h e  performance of  the  t e s t  f a c i l i t y  from t h a t  of  t h e  t e s t  a r t i -  
c l e .  

I n  a d d i t i o n  t o  t h e  p r e c u r s o r y  developmental  e f f o r t  a l r e a d y  
mentioned, of p a r t i c u l a r  s i g n i f i c a n c e  a r e  t h e  "RTG Wind Tunnel 
Tests ' '  d e p i c t e d  on t h e  l e f t  hand s i d e  of F igure  1. T h e i r  purpose 
was t o  provide  d a t a  f o r  t h e  d e s i g n  of p r o t e c t i v e  wind s h i e l d s  f o r  
t h e  R T G ' s ,  and t o  determine t h e  e f f e c t s  of winds on t h e  a v a i l -  
a b i l i t y  of  RTG was te  h e a t  f o r  thermal  c o n t r o l .  The r e s u l t s  o f  
t h e  wind tunnel  t e s t s  se rved  a s  i n p u t  i n  t h e  form of  c o n t r o l l e d  
ETG boundary c o n d i t i o n s  d u r i n g  t h e  TETM cold  extreme t e s t .  

extremes i s  reviewed,  and c r i t e r i a  f o r  t h e i r  s i m u l a t i o n  a r e  
developed.  This  i s  fol lowed by d e s c r i p t i o n s  of  t h e  s i m u l a t i o n  
approach,  t h e  t e s t  hardware, and t e s t  o p e r a t i o n s ,  A d i s c u s s i o n  
o f  t e s t  r e s u l t s  as s p p l i e d  t o  t h e  s i m u l a t i o n  technique  i s  pre-  
s e n t e d  i n  t h e  l a s t  s e c t i o n .  

I n  t h e  n e x t  s e c t i o n ,  t h e  d e f i n i t i o n  of t h e  s imula ted  thermal  
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parameter  d e f i n e d  by Equat ion  ( 2 )  
convec t ive  c o e f f i c i e n t ,  Btu/hr-f t2-OR 
e q u i v a l e n t  convec t ive  c o e f f i c i e n t  d e f i n e d  by Equat ion  
( 7 e ) ,  B t u / h r - f t 2 - o F  
per iod  of  Mar t ian  d i u r n a l  c y c l e  - 24.66hours  (= 1480 
min., approx.) 
h e a t  f l u x  per  u n i t  a r e a  of s k i n ,  B t u / h r - f t *  
time from Mar t ian  midnight ,  h r  
tempera ture ,  O R  

average temperature  f o r  t h e  Mar t ian  d i u r n a l  c y c l e ,  OR 

d i f f e r e n c e  between r a d i a t i o n - e q u i l i b r i u m  and s k i n  tem- 
p e r a t u r e ,  OR = TR,M - Ts 
v e h i c l e  o u t e r  s u r f a c e  e m i s s i v i t y  
S tefan-Boltzmann c o n s t a n t ,  B t u / h r - f  t2-oF 

S u b s c r i p t s  

abs  = r a d i a t i o n  absorbed from t h e  environment (sum o f  I R ,  

em = r a d i a t i o n  e m i t t e d  by v e h i c l e  o u t e r  s u r f a c e  
CH - s i m u l a t i o n  chamber 
h = convect ion  
min = minimum (lower extreme) 

s o l a r  and a lbedo)  
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max = maximum (upper extreme) 
M = Mars 
R = r a d i a t i o n - e q u i l i b r i u m  ( a s  a t t a i n e d  i n  t h e  absence of  

s =  

convect ion)  
o u t e r  s u r f a c e  of  t h e  v e h i c l e  (vehicle/environment  t h e r -  
mal i n t e r f a c e )  

Qo = Mart ian  atmosphere 

SIMULATION CRITERIA 

c o n s i d e r  t h e  h e a t  ba lance  of t h e  v e h i c l e  o u t e r  s k i n  i n  t h e  non- 
dimensional  form d e r i v e d  i n  Reference 1: 

I n  o r d e r  t o  a r r i v e  a t  a d e f i n i t i o n  of the s imulated excremes, 

TR = ('tr ,Me;'abs .M (3 )  

?he absvc c q a t i o n a  iiiay 5 e  a p p l i e d  t o  eiiher i o c a i i i n s  cancan- 
eous v a l u e s  of t h e  tempera tures  and h e a t  t r a n s f e r  c o e f f i c i e n t s ,  
o r  t o  averages  over  time a n d / o r  s u r f a c e  a r e a s .  In the l a t t e r  
c a s e  t h e  averaging  should be i n  accordance w i t h  t h e  v a r i o u s  
components of h e a t  f l u x e s ,  hence fourth-power averages a p p l y  t o  
t h e  f i r s t  term i n  Equat ion  (l), whereas a l g e b r a i c  averaging per -  
t a i n s  t o  t h e  l i n e a r  terms.  

p l o t t e d  w i t h  f as a parameter on Figure 2 ,  
a n  examinat ion of which i n d i c a t e s  t h e  fo l lowing .  For  a g i v e n  
v e h i c l e  s u r f a c e ,  a l l  p o s s i b l e  thermal  c o n d i t i o n s  a r e  bracketed 
by t h e  two i n t e r s e c t i n g  s t r a i g h t  l i n e s  f = 0 and f = 0 0 ,  and 
t h e  p o i n t  of i n t e r s e c t i o n  d i v i d e s  t h e  environments i n t o  two 
regime s d e s  igna  t e d  a s  " conve c t i v e  coo 1 ing" and "convective 
hea t ing"  regimes,  r e s p e c t i v e l y .  I n  t h e  convec t ive  cool ing 
regime,  maximum v e h i c l e  tempera tures  are a t t a i n e d  i n  the absence 
of  winds ( c c n v e c t i o n  minimized) approaching TR i n  the l i m i t .  
The o p p o s i t e  a p p l i e s  t o  t h e  convec t ive  h e a t i n g  regime. 

I n  t h e  most g e n e r a l  c a s e ,  t h e  v a r i o u s  elements o f  a l ander  
may o p e r a t e  i n  d i f f e r e n t  thermal  regimes a t  a g i v e n  time, o r  may 
c r o s s  a v e r  ( through t h e  p o i n t  of i n t e r s e c t i o n  a t  which T 
Ts) from one regime t o  t h e  o t h e r  dur ing  a g i v e n  per iod o f  t ime.  

For  g i v e n  o p e r a t i o n a l  modes of  t h e  l a n d e r ,  miss ion  span ,  and 
l a n d i n g  s i t e ,  extreme v a l u e s  f o r  both Too and TR may be e s t a b -  
l i s h e d  a s  f u n c t i o n s  of d i u r n a l  c y c l e ,  independent ly  from t h e  
convec t ive  environments  on Mars. 
by t h e  Mars Environmental Models d e p i c t e d  on Figure  5 of Refer-  
ence 5.  The extremes of TR may be c a l c u l a t e d  from Equation (3)  
w i t h  good approximation,  s i n c e  n e i t h e r  q t r  nor qabs are s i g n i f i -  
c s n t l y  dependen? on wind r l l e c t s .  
t h e  s u r f a c e  l 'crosses  over"  from one thermal  regime t o  the  o t h e r  
d u r i n g  t h e  d i u r n a l  p e r i o d ,  t h e s e  p r o f i l e s  may look a s  shown on 
F i g u r e  3 ,  a n  examinat ion of which i n d i c a t e s  t h e  fol lowing.  

Equat ion  (1)  i s  

= Too I 

The extremes of Too a r e  d e f i n e d  

For t h e  g e n e r a i  case where 
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The t h e o r e t i c a l  upper l i m i t  f o r  t h e  v e h i c l e  s u r f a c e  tempera- 
t u r e  is  g i v e n  by t h e  curve ABCDE. I n  o r d e r  f o r  t h e  v e h i c l e  s u r -  
f a c e  t o  approach t h i s  l i m i t ,  i t  would be necessary  t h a t  r a d i a t i o n  
dominated c o n d i t i o n s  ( z e r o  wind) p r e v a i l  from A through B ,  and 
D through E ,  whereas maximum wind c o n d i t i o n s  dominate from B 
through D. This  i m p l i e s  a s t e p  f u n c t i o n  i n c r e a s e  i n  wind v e l o -  
c i t y  from z e r o  t o  maximum a t  B, and a corresponding decrease  a t  
D. T h i s  is a h i g h l y  improbable c o n d i t i o n ,  e s p e c i a l l y  c o n s i d e r i n g  
t h e  f a c t ,  t h a t  i t  would have t o  r e p e a t  i t s e l f  dur ing  two conse- 
c u t i v e  Mart ian days ,  t o  produce s i g n i f i c a n t  thermal  e f f e c t s  on 
t h e  equipment compartment. On t h e  o t h e r  hand, a "probable" upper 
l i m i t  o f  t h e  tempera tures  w i l l  be r e p r e s e n t e d  by t h e  curve  ABFDE 
on Figure  3,  p r w i d e d  t h a t  

P P 
d t  TR ,M, max P o/ TR,M,max 

1 
dt>$ 0 1 T 0 0 ,  max 

- 
= - -  

- 
= Too,max ( 4 )  

S i m i l a r  reasoning  e s t a b l i s h e s  t h e  t h e o r e t i c a l  lower l i m i t  o f  
t h e  v e h i c l e  tempera tures  a s  t h e  curve  a b f d e ,  and t h e  p r a c t i c a l  
lower l i m i t  a s  abcde ,  on F igure  3, provided t h a t :  

- 
TR ,M, min (5) 

As a p p l i e d  t o  t h e  thermal ly  s i g n i f i c a n t  vehic le /envi ronment  
i n t e r f a c e s ,  t h e  s u c c e s s  c r i t e r i a  f o r  t h e  l a t t e r  approach may be 
summarized a s  fo l lows  : 

(1) The i n e q u a l i t i e s  (4 and 5) must be s a t i s f i e d ,  
(2) 

(3) The tempera ture  d i f f e r e n c e s  (TR - Ts H) 5 d T R  are 

The r a d i a t i o n  component of  t h e  "hot-extreme" environment  
must be a c c u r a t e l y  s i m u l a t e d ,  

w i t h i n  a pre-determined upper l i m i t  ( AtR max), e s t a b -  
l i s h e d  from e s t i m a t e s  of  minimum n a t u r a l  &onvect ive  
c o o l i n g  on Mars, i . e . ,  

I n  t h e  above i n e q u a l i t y ,  A T b a x =  10% (based on e s t i m a t e s  o f  
n a t u r a l  convec t ion  on Mars), T, CH i s  s u p p l i e d  by the t e s t  d a t a  
and TR 
w i t h  gbod r a d i a t i o n - s i m u l a t i o n ,  

i s  c a l c u l a t e d  by t h e  uge o f  Equat ion  (3).  Note t h a t ,  

w i t h i n  t h e  approximation p e r m i t t e d  by the compensat ing f e a t u r e s  
t o  be d i s c u s s e d  under S i m u l a t i o n  Approach. 
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(4) The c o l d  extreme s i m u l a t i o n  s h a l l  s a t i s f y  the  r e q u i r e -  
ment: 

= s , C H  & Ts,M,min (7) 

Ts ~ , ~ i ~  i n  Equat ion (7) may be deduced from t h e  t e s t  d a t a  
as fo i lows:  

(7a)  (by d e f i n i t i o n )  ‘h,M ’ = Ts,M 

Purthri-more, (qtrjM = (qtrrCHj 

and i n  view of  ( 7 )  (qem)M (qem)CH 

By combining (7a through 7d) we have:  

h* ; q t r , C H  -+ ‘abs,M - qem,M ~ ~ , m a x  
Ts ,CH - Too ,min 

(7h) 

( 7 c )  

which i s  the e x p l i c i t  form of  c r i t e r i o n  (4 )  above. 
An = 1 was e s t a b l i s h e d  f o r  t h e s e  t es t s  from s t a n d a r d  

forced-convect ion  c o r r e l a t i o n s ,  a s  a p p l i e d  t o  maximum-wind condi-  
t i o n s  on Mars. 

There a r e  two g e n e r a l  approaches t h a t  can be used t o  v e r i f y  
compliance w i t h  t h e  above c r i t e r i a  f o r  a g iven  t e s t .  The f i r s t  
c o n s i s t s  o f  comparing p r e - t e s t  a n a l y t i c a l  p r e d i c t i o n s  of  Ts ,M 
p r o f i l e s ,  wi th  t h e  cor responding  T, CH p r o f i l e s  suppl ied  by t h e  
t e s t  d a t a .  This  method has  t h e  advAntage of p o s s i b l e  a t t e n t i o n  
t o  d e t a i l  c h a r a c t e r i s t i c  t o  l a r g e  a n a l y t i c a l  models, however, i t  
cannot  s e p a r a t e  t h e  e f f e c t s  o f  convec t ion  and r a d i a t i o n  i n  t h e  
chamber, and l a c k s  t h e  c a p a b i l i t y  of independent  v e r i f i c a t i o n  o f  
t h e  t e s t  approach from t h a t  of  t h e  a n a l y t i c a l  model. 

The second approach c o n c e n t r a t e s  on t h e  vehic le /envi ronment  
i n t e r f a c e s  only ,  and c o n s i s t s  i n  de te rmining  t h e  degree of  
approach of t h e  T,,cH 
as a p p r o p r i a t e ,  per  t h e  d i s c u s s i o n s  above: 
d i r e c t l y  measured v a l u e s  of  q t r , c H  a r e  a l l  t h a t  i s  requi red  t o  
c h a r a c t e r i z e  t h e  i n t e r n a l  h e a t  t r a n s f e r  processes  of the  l a n d e r ,  
and t h e  o n l y  c a l c u l a t e d  i n p u t s  (v iz .  qem and (Labs); are  connected 
w i t h  r a d i a t i o n  processes .  The convec t ive  e f f e c t s  in the  chamber 
c a n  be de te rmined  by s o l v i n e  t h e  h e a t  ba lance  equat ion a s  a p p l i e d  
t o  t h e  v e h i c l e  s k i n .  During t h e  TETM t e s t s ,  the  qtr,CH were mea- 
sured  by commercial h e a t  t r a n s f e r  gauges,  and the  r e s u l t s  pre-  
s e n t e d  a t  t h e  end of t h i s  paper a r e  based on those  measurements. 

I n  a d d i t i o n  t o  c o n s i d e r a t i o n s  o f  p r o b a b i l i t y  a s  noted above,  a 
major f a c t o r  e n t e r i n g  i n t o  t h e  d e f i n i t i o n  of thermal  extremes is 
t h e  f e a s i b i l i t y  of techniques ,  and t h e  a v a i l a b i l i t y  of f a c i l i t i e s ,  

c o n d i t i o n s  impl ied  by t h e  curves  ABCDE or abfde r e q u i r e s  a t e s t  

p r o f i l e s  t o  t h e  TR M and Too M p r o f i l e s ,  
With t h i s  method, 

- - -  fnr  t h o i r  I_._._-----... c i m t r l  i t i n n  r i o ~ r l j r ,  - *  - -_- ‘ 2  = c c u r = t e  cc ~-P_.L.z.=~ 
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f a c i l i t y  combining t h e  p r i n c i p a l  f e a t u r e s  of  s o l a r  s i m u l a t o r s ,  
thermal  vacuum chambers, and h i g h - a l t i t u d e  wind t u n n e l s ,  wi th  
s p e c i a l  equipment r e q u i r e d  f o r  a tmospheric  temperature  c o n t r o l  
and f o r  t h e  s imula t iom of t h e  thermal  p r o p e r t i e s  of t h e  Mar t ian  
ground. Such a f a c i l i t y  i s  p r e s e n t l y  o u t s i d e  t h e  rea lm of  prac-  
t i c a l i t y .  On t h e  o t h e r  hand, t h e  rad ia t ion-dominated  domain 
r e p r e s e n t e d  by ABFDE and t h e  convec t ion  domain r e p r e s e n t e d  by 
abcde on Figure  3 can be reproduced w i t h  a c c e p t a b l e  a c c u r a c i e s ,  
w i t h  s p e c i a l l y  equipped convent iona l  thermal  vacuum chambers, a s  
d i s c u s s e d  i n  t h e  next  s e c t i o n .  

SIMULATION APPROACH 

The TETM Mars s u r f a c e  s i m u l a t i o n  t e s t s  were conducted i n  Mar- 
t i n  Marietta's Space S i m u l a t i o n  Labora tory  i n  Denver, Colorado,  
which h a s  r e c e n t l y  been equipped w i t h  p l a n e t a r y  environmental  
s i m u l a t i o n  c a p a b i l i t i e s .  The chamber adapted t o  Mars s u r f a c e  
environmental  s i m u l a t i o n  i s  s c h e m a t i c a l l y  shown on F i g u r e  4 ,  on 
which t h e  r e p r e s e n t a t i v e  ranges  of chamber environmental  para-  
meters  a r e  a l s o  i n d i c a t e d .  The s o l a r ,  p l a n e t a r y ,  and atmospheric  
("sky") r a d i a t i o n  components on Mars a r e  reproduced i n  t h e  f a c i l i t y  
by a 1 6 - f t .  d i a .  o f f - a x i s  s o l a r  s i m u l a t o r ,  t e m p e r a t u r e - c o n t r o l l e d  
ground thermal  s i m u l a t o r ,  and a t e m p e r a t u r e - c o n t r o l l e d  shroud,  
r e s p e c t i v e l y .  The ground p lane  and the  t e s t  a r t i c l e  a r e  mounted 
on a two-axis gimbal t o  provide  r o t a t i o n  w i t h  r e s p e c t  t o  the  
s o l a r  v e c t o r  f o r  z e n i t h  and azimuth a n g l e  s i m u l a t i o n  (one-axis  
r o t a t i o n  o n l y  was used d u r i n g  t h e  TETM t e s t s ) .  The chamber 
was "pressur ized"  wi th  C02 t o  2 t o r r  dur ing  hot-extreme s i m u l a -  
t i o n ,  and w i t h  Argon t o  35 t o r r  d u r i n g  t h e  cold-extreme t e s t s .  
Argon was s e l e c t e d  i n  l i e u  of  C 0 2  d u r i n g  t h e  c o l d  t es t s  i n  o r d e r  
t o  prevent  condensa t ion  on t h e  c o l d  shroud.  

The c o n d i t i o n s  f o r  t h e  v a r i o u s  t e s t  r u n s  a r e  summarized i n  
Table .1 .  The o b j e c t i v e  o f  t h e  c o l d  soak  runs  was t o  provide  
s t e a d y - s t a t e  h e a t  t r a n s f e r  d a t a  f o r  t h e  purpose o f  v e r i f y i n g  t h e  
conductor  network i n  t h e  t h e r m a l - a n a l y t i c a l  models and t o  e v a l -  
u a t e  thermal  swi tch  performance. They were preceeded by a " c a l i -  
b r a t i o n  run" conducted i n  vacuum w i t h  t h e  purpose of  v e r i f y i n g  t h e  
e x t e r n a l  r a d i a t i o n  conductor  networks a t  v a r i o u s  s i m u l a t e d  z e n i t h  
angles .  Mar t ian  d i u r n a l  c y c l e  s i m u l a t i o n  w a s  accomplished d u r i n g  
Runs 227, 223 and t h e  second h a l f  of Run 231, and t h e s e  w i l l  be 
t h e  s u b j e c t  o f  f u r t h e r  d i s c u s s i o n .  U n f o r t u n a t e l y ,  Run 223 w a s  n o t  
e n t i r e l y  s u c c e s s f u l  because o f  p a r t i a l  o v e r h e a t i n g  of  t h e  ground 
s i m u l a t o r ,  however, t h e  d a t a  p r e s e n t e d  h e r e  p e r t a i n  t o  a r e a s  of 
t h e  lander  not  r e f l e c t i n g  t h i s  anomaly. 

Because of  t h e  d i s s i m i l a r i t i e s  i n h e r e n t  i n  t h e  f i n i t e  s i z e  o f  
t h e  thermal-vacuum chamber as opposed t o  t h e  "open" environment  
on Mars, t h e  f o l l o w i n g  c o r r e c t i v e  o r  compensat ing f e a t u r e s  have 
been i n c o r p o r a t e d  i n t o  t h e  t e s t  approach:  

(1) Compensation f o r  f i n i t e  ground s i m u l a t o r  s i z e  by i n c r e a s e d  
ground s i m u l a t o r  tempera tures ,  
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S u b s t i t u t i o n  of I R  r a d i a t i o n  from t h e  ground s imula tor  f o r  
a lbedo  on Mars, r e s u l t i n g  i n  a d d i t i o n a l  (a l though small) 
i n c r e a s e  i n  r e q u i r e d  ground s i m u l a t o r  temperatures  , 
The s i m u l a t i o n  of d u s t  cover  on t h e  l a n d e r  s u r f a c e s ,  which 
could r e s u l t  i n  up t o  70 p e r c e n t  i n c r e a s e  i n  t h e i r  s o l a r  
a b s o r p t i v i t y  (with e m i s s i v i t y  unchanged)' by a 70 p e r c e n t  
i n c r e a s e  i n  s o l a r  c o n s t a n t  i n  the  s imula ted  environment 
(Run 223). 
Compensation f o r  excess ive  convec t ive  c o o l i n g  dur ing  t h e  
hot  extreme s imulac ion  t e s t s  by increased  r a d i a t i o n  
l e v e l s  i n  t h e  chamber ( a s  noted above). The higher  con- 
v e c t i v e  l e v e l s  a r e  due i n  p a r t  t o  t h e  h i g h e r  g r a v i t a t i o n -  
a l  c o n s t a n t  on E a r t h ,  and i n  p a r t  t o  t h e  co lder  s i n k  
L s n r p S L a L U L C Y  p L u V I U C U  Yy tkle shroud (which s imula tes  
"sky" tempera tures)  a s  compared t o  t h e  atmospheric tem- 
p e r a t u r e s  on Mars. 
Compensation f o r  t h e  absence of winds i n  t h e  chamber 
d u r i n g  co ld  extreme s i m u l a t i o n  by t h e  fol lowing:  

C,.--,.-̂ "C ..--- ----.:.a-.a I... 

(a) I n c r e a s e d  chamber p r e s s u r e  t o  35 t o r r ,  as opposed 
t o  15.2 t o r r  max. on Mars t o  enhance n a t u r a l  con- 
v e c  t i o n .  

(b)  Reduced chamber h e a t  s i n k  (shroud)  temperatures  50 
t o  100 degrees  F below t h e  corresponding l e v e l s  of 
Too,,,in, i n  o r d e r  t o  enhance n a t u r a l  convect ive 
and r a d i a t i o n  cool ing .  

account  f o r  t h e  d e c r e a s e  i n  the  a v a i l a b i l i t y  of 
RTG waste  h e a t  f o r  thermal  c o n t r o l  dur ing  co ld  
extreme c o n d i t i o n s .  

( c )  Reduced thermal  o u t p u t  from the RTG s i m u l a t o r s  t o  

(d)  Reduced r a d i a t i o n  l e v e l s  i n  the  chamber, . .  
I ground s i m u l a t o r  i s  a 2 2 - f t  d iameter  d i s c ,  covered w i t h  

19 i n d i v i d u a l l y  c o n t r o l l e d  h e a t e r  b l a n k e t s ,  comprising a c e n t r a l  
d i s c ,  and two c o n c e n t r i c  r i n g s  sur rounding  t h e  d i s c .  I tem ( 1 )  
above was accomplished by i n c r e a s i n g  t h e  emiss ive  power of the  
o u t e r  r i n g  by approximately 20 p e r c e n t  above Mar t ian  l e v e l s .  

I tems  (2) and ( 3 )  r e s u l t e d  i n  i n c r e a s e d  temperatures  o f  t h e  
i n n e r  r i n g  as w e l l ,  however, no f u r t h e r  i n c r e a s e  i n  the r a d i a t i o n  
l e v e l s  was n e c e s s a r y  t o  account  f o r  I tem ( 4 ) .  

The upper l i m i t  i n  chamber p r e s s u r e  dur ing  the  cold extreme 
s i m u l a t i o n  was s e t  a t  35 t o r r  ( I t e m  5 a )  t o  avoid undes i rab le  in-  
t e r n a l  convec t ion  w i t h i n  t h e  equipment compartment of the  lander .  
To prevent  condensa t ion  of t h e  chamber atmosphere on the shroud 
i n  view of  I tem 5b,  argon was used a s  a chamber atmosphere i n  
lie.e cn ,.L--- L^_.._ m L I -  .._.. -3.3 >>:,. uu2 U U L A I ~ ~  ~ u r b r  L ~ ' L L ' L .  ~ l i b  p,ruviueu auuiLiuua1 con- 
s e r v a t i s m  t o  t h e  t e s t  r e s u l t s ,  s i n c e  t h e  c o n d u c t i v i t y  of argon 
(and hence,  of t h e  f i b e r g l a s  i n s u l a t i o n  i n  t h e  lander )  was 
somewhat h i g h e r  than t h a t  of  GO 

I t e m  5c w a s  i n  conformance with t h e  results of t h e  RTC= Wind 
Tunnel T e s t s  r e f e r r e d  t o  e a r l i e r .  The reduced output  was con- 
t r o l l e d  t o  predetermined R E  f i n  r o o t  temperatures  as determined 
by t h e s e  t e s t s .  i t e m  5d c o n s i s t e d  ( i n  a d d i t i o n  t o  tne  e f f e c t s  of 

2 '  
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the reduced shroud temperatures) in running the cold extreme 
tests with the solar simulator off, and a thermally passive 
ground simulator, in a horizontal position. 

TEST ARTICLE AND SUPPORT EQUIPMENT 

The test article and support equipment comprised several major 
elements, including: the TETM; Electrical Test Support Equip- 
ment (TSE); Space Simulation Laboratory (SSL); Test Fixtures; 
Data Processing Software; Data Reduction Support, and Assembly, 
Handling and Support Equipment. The TETM and its subsystems, 
the TSE, and the Data Processing Software, will be described 
briefly . 

The Thermal Effects Test Model was designed to duplicate the 
thermal response of the Viking Lander when exposed to the simu- 
lated mission environments. It comprised six principal sub- 
systems, including: Thermal Control, Structures, Non-functional 
Flight Type Equipment, Electrical Subsystem, Thermal Simulators, 
and an Instrumentation Subsystem. The Thermal Control Subsystem 
consisted of developmental hardware including multilayer and 
fiberglas insulation, erosion-resistant external coatings, in- 
ternal thermal control coatings and finishes, thermal standoffs, 
and thermal switches. Special attention was given to minimizing 
test-peculiar thermal effects, such as by isolation of electri- 
cal and instrumentation cable feedthroughs. 

including lander body, equipment mounting plate, and brackets. 
The non-functional flight-type equipment included cable harness 
(for heat-leak evaluation), developmental propulsion lines and 
valves assembly, and mounting brackets. There was no propellant 
fluid flow or storage requirements associated with the TETM pro- 
gram. Additionally, there was included a prototype unit of the 
soil sampler boom, and developmental landing legs. 

The electrical subsystem comprised the heaters, cabling, and 
connectors for the thermal simulators of heat-dissipating equip- 
ment, including two Electrical Thermoelectric Generators (ETG's), 
which simulated the RTG's. Power control and monitoring of all 
electrical heaters within the TETM was accomplished by the TSE. 

The function of the thermal simulators was to simulate the 
primary thermal characteristics of selected flight-type equipment, 
including: (a) the mounting thermal interfaces, by the use of 
flight-type mounting provisions; (b) the radiation/convection 
thermal interfaces, by preservation in.the simulators of the geo- 
metry, size, and external optical properties of the flight equip- 
ment; (c) conduction coupling between the radiation and mounting 
interfaces, by preservation of the wall-conductances of equip- 
ment casings; (d) internal conduction paths; (e) total thermal 
mass; (f) total internal heat dissipation rate, with capabilities 
to approximate variable heat dissipation by step functions; (g) 
internal heat distribution (by the use of more than one heater 
element, when required), and (h) internal thermal mass distribu- 
tion. The materials of construction for the simulators included 

The Structural Subsystem consisted of flight-type structures, 
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aluminum, s t e e l ,  foam, and commercially a v a i l a b l e  h e a t e r  
e lements  . 
h e a t  flow gauges,  and s t r a i n  gauges,  the  l a t t e r  being included 
t o  comply w i t h  a secondary o b j e c t i v e  of t h e  program t o  e v a l u a t e  
thermal s t r a i n s  w i t h i n  t h e  s t r u c t u r e s .  The vehicle-mounted t h e r -  

channels  were used f o r  monitor ing e l e c t r i c a l  power t o  t h e  TSE, 
ground s i m u l a t o r  and shroud t empera tu res ,  s o l a r  i n t e n s i t i e s ,  
and chamber pressuies. 

a r e  shown on Figure  5,  and the  TETM dur ing  two consecut ive s t a g e s  
of assembly i s  d e p i c t e d  on Figures  6 and 7, r e s p e c t i v e l y .  
Figure 7 t h e  E T G ' s  and the t e r m i n a l  p ropu l s ion  tank s imula to r s  
a r e  exposed, the  wind s h i e l d s  and the  tank i n s u l a t i o n  being 
reiiioved. 

was t o  supp ly ,  measure,  and c o n t r o l  e l e c t r i c a l  power to the  
thermal  s i m u l a t o r s  and the  E T G ' s .  The power l e v e l s  and d i s t r i -  
bucion w i t h i n  t h e  s i m u i a t o r s  were c o n t r o l l e d  by s t e p  func t ions  
r e p r e s e n t a t i v e  of  smoothed power p r o f i l e s  of t h e  f l i g h t  a r t i c l e .  
The power c o n t r o l  w a s  accomplished by t h e  u s e  of a p re -p rogramed  
drum s w i t c h ,  the  swi t ch ing  from p o s i t i o n  t o  p o s i c i o n  being done 
manually acco rd ing  t o  a predetermined schedule .  

r e a l  time d a t a  r e d u c t i o n  and a n a l y s i s .  

pa rame te r s ,  d a t a  averaging,  d a t a  p l o t t i n g ,  and p r e d i c t i o n s  of  
t imes t o  s t a b i l i z a t i o n .  

The TETM i n s t r u m e n t a t i o n  c o n s i s t e d  of temperature  senso r s ,  

-.. ua& 1 i n s t r u m e n t a t i o n  comprised 646 measurements; i88 a d d i t i o n a l  

Typ ica i  s i m u i a t o r  assemblies  w i t h i n  the  equipment compartment 

On 

The f u n c t i o n  of t h e  E l e c t r i c a l  T e s t  Support  Equipment (TSE) 

The TETM Data Reduction Software was designed t o  provide quas i -  

The l a t t e r  i nc luded  c a l c u l a t i o n s  of  h e a t  ba l ance ,  convect ive 

TEST OPERATIONS 

P r e p a r a t o r y  t o  s t a r t i n g  of the  t e s t s ,  a s o l a r  s imula to r  
c a l i b r a t i o n  was performed, tbe chamber i n s u l a t i o n  was i n s t a l l e d  
and s e v e r a l  pumpdowns were performed i n  o r d e r  t o  outgass  and 
s e t t l e  t h e  i n s u l a t i o n .  The two-axis gimbal and t h e  ground simula- 
t o r ,  w i t h  t h e  " c l o s u r e  panels"  removed f o r  access  were i n s t a l l e d  
i n  t h e  chamber. 
was performed on the  TETM o u t s i d e  t h e  chamber. 

t h e  chamber, and secu red  on the  t e s t  a d a p t e r  s e r v i n g  as t h e  
s t r u c t u r a l  i n t e r f a c e  between t h e  l ande r  l e g s  and t h e  gimbal, 
and the  gimbal and t h e  ground s i m u l a t o r .  Fol lowing the hookup 
of  i n s t r u m e n t a t i o n  and poxer c a b l i n g ,  the  ground s imula to r  c losi i re  
pane l s  were i n s t a l l e d .  This sequence of even t s  i s  depicted on 
Figures  8, 9 and 10. The s tyro-foam i n s u l a t i o n  between t h e  o u t e r  
s h e l l  and t h e  shroud of t h e  chamber i s  shown on t h e  lower p a r t  
of F igu re  8. 
c o n f i g u r a t i o n ,  w i t h  the  E X I s  covered by wind s h i e l d s ,  and t h e  
t e r m i n a l  propill s ion  tanks ( p a r t t a l l y  C ~ ~ ? P L . P [ !  hy t h e  vi113 sh ie1ds )  
i n s u l a t e d .  

An end-to-end puwer and ins t rumen ta t ion  checkout 

Fol lowing t h e  p r e p a r a t o r y  work, the  TETM was i n s t a l l e d  i n t o  

The TETM i s  shown i n  t h e  ful ly-assembled landed 

49 



The TETM was i n s t a l l e d  w i t h  t h e  "sc ience  s ide ' '  ( t h e  s i d e  
c l o s e s t  t o  t h e  t e c h n i c i a n  on F i g u r e  9) f a c i n g  t h e  s imula ted  west 
on Mars, i n  o r d e r  t o  provide  wors t -case  o r i e n t a t i o n  f o r  t h e  h o t  
extreme t e s t s  . 

Supplementing t h e  q u a s i - r e a l  time moni tor ing  provided by the 
TETM s o f t w a r e ,  100 p r e - s e l e c t e d  d a t a  channels  were a l s o  monitored 
by t h e  use of  a r e a l  time d a t a  moni tor ing  system which provided 
d a t a  p r i n t o u t s  on command, and w i t h i n  f i v e  minutes  of  t h e  a c t u a l  
d a t a  b u r s t s .  

S o l a r  s i m u l a t o r  on-off  c y c l e s ,  gimbal r o t a t i o n ,  shroud tem- 
p e r a t u r e  and ground s i m u l a t o r  tempera tures  were c o n t r o l l e d  
manually and were monitored wi th  t h e  RTM system. 

System, and t h e  tapes  removed on a n  average of  6-hour i n t e r v a l s  
f o r  p r o c e s s i n g  by t h e  TETM sof tware .  S t r i c t  t i m e - d i s c i p l i n e  was 
maintained i n  t h e  d a t a  t a k i n g  p r o c e s s ,  i n  o r d e r  t o  provide  accur-  
a t e  (Mart ian)  day-to-day comparisons of tempera tures  f o r  s t a b i l i t y  
e s t i m a t e s .  The same t i m e - d i s c i p l i n e  was main ta ined  w i t h  regard  
t o  a l l  t e s t  suppor t  o p e r a t i o n s .  

t i o n  technique ,  i n - t e s t  parameter  m o d i f i c a t i o n s  were p e r m i t t e d ,  
and t h e  t e s t  p rocedures  r e d l i n e d  accord ingly .  

DISCUSSION OF TEST RESULTS 

The d a t a  were recorded on magnetic t a p e s  by t h e  "Astrodata"  

To a s s u r e  t h e  necessary  f l e x i b i l i t y  f o r  o p t i m i z i n g  the  s imula-  

Typica l  tempera ture  and h e a t  f l u x  p r o f i l e s  f o r  t e s t  r u n s  227 
and 231 a r e  d e p i c t e d  on F i g u r e s  11 and 12, r e s p e c t i v e l y .  The 
curves  i n d i c a t e  e x c e l l e n t  r e p e a t a b i l i t y  of t e s t  c o n d i t i o n s  from 
one s imula ted  Mar t ian  day t o  the  o t h e r ,  and t h a t  p e r i o d i c  s t a b i -  
l i t y  was e s s e n t i a l l y  achieved w i t h i n  t h r e e  Mar t ian  d i u r n a l  c y c l e s .  
The h e a t  f l u x  p r o f i l e s  of F i g u r e s  11 and 12 ,  r e p r e s e n t  t r a c e s  
from the  same gauge, mounted on the  s i d e  of t h e  l a n d e r .  The 
s m a l l  f l u c t u a t i o n s  of h e a t  flow w i t h i n  a Mart ian d i u r n a l  c y c l e  
a r e  due t o v a r i a t i o n s  i n  t h e  i n t e r n a l  h e a t  d i s s i p a t i o n ,  and t o  
shadowing e f f e c t s  from e x t e r n a l  components. The n e g a t i v e  s i g n  
on t h e  o r d i n a t e  of t h e s e  f i g u r e s  is  i n  accordance w i t h  t h e  con- 
v e n t i o n  a s s i g n i n g  n e g a t i v e  v a l u e s  t o  outgoing  h e a t  from t h e  
l a n d e r ,  A comparison of F igures  11 and 1 2  i n d i c a @  t h a t  approxi -  
mately twice a s  much h e a t  was l o s t  t o  t h e  environment d u r i n g  t h e  
co ld  extreme t e s t s ,  as compared t o  t h e  h o t  ex t remes ,  t h e  d i f -  
f e r e n c e  being s u p p l i e d  by t h e  thermal  s w i t c h e s  from RTG was te  
h e a t .  

l a t i o n  achieved d u r i n g  t h e  TETM t e s t s .  The v e h i c l e  s k i n  tem- 
p e r a t u r e s  c l o s e l y  approached (Mar t ian)  r a d i a t i o n  e q u i l i b r i u m  
v a l u e s  d u r i n g  t h e  h o t  extreme t e s t s ,  w i t h  t h e  tempera ture  d e p r e s -  
s i o n  parameter  
10°F. 
( 4  and 5) were s a t i s f i e d .  

I n  order  t o  de te rmine  t h e  adequacy of  r a d i a t i o n  s i m u l a t i o n  
d u r i n g  t h e  h o t  extreme t e s t s ,  qabs,CH, averaged o v e r  t h e  l a n d e r  

F igures  13 through 1 7  a r e  i n d i c a t i v e  of t h e  q u a l i t y  of s i m u -  

ATR always s m a l l e r  than  t h e  s p e c i f i e d  l i m i t  of 
I t  is  a l s o  e v i d e n t  from t h e  p l o t s  t h a t  t h e  i n e q u a l i t i e s  
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s i d e s ,  i s  compared with i t s  cor responding  Mart ian counter -par t  
determined a n a l y t i c a l l y ,  on Figure  13. The h igher  values o f  
t h e  chanber  l o a d s ,  e x p e c i a l l y  d u r i n g  t h e  s imula ted  Martian mid- 
day,  se rved  as "compensation" f o r  e x c e s s i v e  convec t ive  c o o l i n g  
i n  t h e  chamber, and d i d  n o t  cause overhea t ing ,  as evidenced by 
t h e  temperature  p r o f i l e s  a p p l i c a b l e  t o  t h e  same l o c a t i o n s  on 
F i g u r e  14. 

F i g u r e  15 i n d i c a t e s  t h a t  i n c l u s i o n  of  the  l a n d e r  top i n t o  t h e  
averaging  of  s u r f a c e  temperatures  r e s u l t s  i n  a n  increase  of TR 
and i n  o p e r a t i o n  w i t h i n  che convec t ive  c o o l i n g  regime. This  is 
due t o  i n c r e a s e d  s o l a r  a b s o r p t i o n  on the lander tc'p, as ccmpzred 
t o  t h e  s i d e s ,  and t o  e x t e r n a l  h e a t i n g  from t h e  RE'S. A s i m i l a r  
e f f e c t  i s  noted on F i g u r e  16, which a p p l i e s  to  the  "dust covered 
lander'', <.e .  170 p e r c c n t  s o l a r  c o n s t a ~ t .  I n  t h i s  case t n e  
approach o f  T, CH t o  TR,M is n e a r - p e r f e c t .  

F igure  17 shows c y p i c a l  temperature  p r o f i l e s  dur ing  the cold-  
extreme s i m u l a t i o n .  Note t h a t ,  on t h e  average ,  t h e  v e h i c l e  tem- 
p e r a t u r e s  a r e  c o n s i d e r a b l y  above Mart ian atmospheric  tempera tures ,  
1 s  iEp?ied by Eqiiatioii (?e) .  The f o l l o w i n g  v a l u e s  f o r  h* have 
been determined by the  use  o f  Equat ion ( 7 ~ )  f r ~ m  the t e s t  . l a t i  
as averaged over  t h e  Mart ian d i u r n a l  c y c l e ,  

Lander s i d e s ,  average:  h* = 1.57 
Lander top, average:  h* = 1.27 
Lander bottom, average:  h* = 0.89 

The somewhat lower t h a n  " requi red"  h* f o r  t h e  lander  bottom 
i s  more than  compensated f o r  by t h e  h igher  v a l u e s  on  the s i d e s  
and t h e  top.  It  i s  f u r t h e r  no ted ,  t h a t  d u r i n g  the a c t u a l  miss ion ,  
a tmospher ic  boundary l a y e r  e f f e c t s  w i l l  r e s u l t  i n  a decrease i n  
wind speed and h e a t  t r a n s f e r  c o e f f i c i e n t  n e a r  t h e  ground. 

CONCLUSIONS 

1. 

2. 

3 .  

The Viking  l a n d e r  thermal  environments may be bracketed by a 
rad ia t ion-dominated  h o t  extreme and a convection-dominated 
c o l d  extreme. Both can  be adequate ly  s imula ted  i n  rnodified 
c o n v e n t i o n a l  thermal  vacuum f a c i l i t i e s .  

The h o t  extreme i s  completely d e f i n e d  by t h e  r a d i a t i o n  e n v i r -  
onment a t  the l a n d i n g  s i t e  and t h e  h e a t  d i s s i p a t i o n  r e q u i r e -  
ments through t h e  e x t e r n a l  s u r f a c e s  of the  lander .  These m a y  
be r e s o l v e d  i n t o  a s e t  of Iiarfiatior, E q u i l i b r i u n  T e q x r a t i i r e  
p r o f i l e s ,  approached by t h e  l a n d e r  s u r f a c e s  dur ing  "hot" 
o p e r a t i n g  c o n d i t i o n s .  

Due t o  i t s  n o n - i s o t r o p i c  c h a r a c t e r ,  t h e  Mart ian rad ia t ic r ,  
eiwironment must be a c c u r a t e l y  s imula ted  d u r i n g  hot-extreme 
thermal  t e s t i n g .  
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4 .  

5 .  

6. 

7. 

8. 

9. 

The principal criterion for success for hot extreme simula- 
tion is the approach to radiation-equilibrium. 

The effects of vehicle-induced convection inside the chamber 
during hot case simulation may be adequately compensated for 
by increased radiation levels. 

The cold extreme is completely defined by the minimum atmos- 
pheric temperature profile at the landing site and an upper 
limit for the forced-convective coefficient, as applied to 
the lander. 

The criterion of success for cold extreme simulation is that 
h* determined from heat losses in the chamber and the pro- 
jected vehicle-environment temperature differences on Mars, 
shall equal or exceed the maximum forced convection coef- 
ficient on Mars. 

Verification of the simulation approach during a test may be 
accomplished independently from the performance of the test 
article, provided the heat transferred through the vehicle 
skin is measured directly at predetermined locations. The 
correlation and consistency of the TETM data indicate that a 
limited number of judiciously located gauges suffice for 
this purpose. 

The TETM Mars Simulation test program has demonstrated the 
feasibility and practicality of the test approach to be used 
on the qualification and flight articles. 
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TABLE 1 - TETM MARS SURFACE SIMULATION TEST PARAMETERS 

B’i?r&F’iZ I 

ZENITH ANGLE 
GROUND SIM. 

I1 

SOLAR BEAM- II 
0 

NA 
PASSIVE 

TEMPERATURE I 
CHAMBER PRESS. 

& ATMOSPHERE 
SIiiiom TEMP. i 

17.5 mbs 
c02 

C(jiu’START @ 
-180 F 3 

INTERNAL II I M I N .  
POWER 1 0  I AVG. 

’ HOT EXTREME 

(170%) (100%) 
346 20 4 

CONTROIUD TEW 
CYCLING 

CYCLING 
2.7 mbs 
c 0 2  
COKSTART @ 
-200 F 

2 x 6 4 0 ~  

MAXIMUM DAILY 
DUTY CYCIE 

COLD EXTREME 

231 

ii 

NA 
, PASSIVE 

47 mbs 

-240 F -240/-16( 

2 x 600 w 

MINIMUM DAILY 
DUTY CYCIE 

I I I : DEVEIDPMENT OF i QUALIFICATION i FLIGHT ACCEPTANCE i 
: VIKING THERMAL i OF VIKING OF VIKING : CONTROL AND THERMAL CONTROL : THERMAL CONTROL 

I ! 
: TEST TECHNOLOGY : 

I 
I 
I 
I 
I 

I 

THERMAL VAC, FACILITY 
IME’ROVENENTS & MODS: 
16 F T  SOLAR SIMULATOR 
SHROUD TEMP. CONTROL 

CHAMBER INSU-LATION 
TWO-AXIS GIMBAL 

I I I ,  
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

: b T M  TEST PROGRAM 
I 1 THERMAL TESTS: I THERMAL TESTS: I : YARS SIMULATION STERILIZATION 

I C R U I S E  SIM. 

PROOF TEST CAPSULE i FLIGHT ARTICLE ’ 

& STERILIZATION 
STERILIZATION I CRUISE SIM. : CRUISE SIM. 

POSTSEPARATION MARS SIMULATION 
POSTSEPARATION : POSTSEPARATION 

i ,MARS SIMULATION 

I I 

3 I 
I 
I 
I 
I 
I 
I 

- I I 

STERILIZATION 
FACILITY 
DEVELOPMENT 

I 

S C A U  MODEL i F t  I DEVELCPMENT I I PCSTSEP, TEST ADAPTJ ! 
I S T  PROGRAM * 

TEST FIXTURE 
DEUEIUl%EN’T : 
GROUND SIMULATOR 
MARS TEST ADAPT. I CRUISE TEST ADAPT. I !  

F ig .  1 - R e l a t i o n  of TETM other  V i k i n g  t h e r m a l  t e s t  programs 
I 
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CHAMBER AND 
SOLAR BEAM 

SOLAR 
SIMULATOR 

\ 
CHAMBER \ 

2 - 47 mbs 

TEST ARTICLE\ 
\ 

CHAMFER 
OUTER SHELL’ 

CHAMBER 
INSULATION 
(W.1 

TEMPERATURE 
CONTROLLED 
SHROUD 
-250 to 70 F 

TEMPERATURE 
/ CONTROLLED 

X~2.TLA.3! 
GROUND 
SIMULATOR 

- Two-AXIS 
GIMBAL 
+ 90’ ZENITH 

+ 360 AZDIUTH 

Fig .  4 - Test configuration schematic 



Fig. 6 - TE'IM during assembly - Internal equipment 

Fig. 7 - TEM during assembly - External equipment 
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Fig. 8 - TElM being lowered into the chamber 

... rig. 9 - Insta l lat ion 
and hookup inside the 
chamber 
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Diwqal cycle 
Fig. 12 - Typical data profiles - RUN NO 231 q= 
30 -k----- 

I I I 
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Time of Martias day 

Fig. 13 - Marcian PI. simulated abaorbed r8dlation 
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Fig. 14 - Sinaulated vs Martian hot extreme - 
Lander side - RUN NO 227 
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Fig. 15  - Simulated vs Martian hot extreme - 
Lander sides plus top - RUN NO 227 
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475 

477 

200 1 I 

F i g .  1 6  - S i m u l a t e d  vs Martian hot e x t r e m e  - 
Lander  s i d e s  - RUN NO 223 
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